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What we learned so far

Activities [T X-terminal-emulator ~ Mon 22:32 @ F - = ) 5 ~

tesse_vn /home/userf/vnav_ws/src/lab4/trajectory_generation_pkg/launch/traj_following.launch http://localhost:11311

/home/user/vnav_ws/src/lab4/trajec... x | user@user-Predator-G3-571: ~/vnav2... *  user@usef-Predaker-G3-571:~/vnav2... X

2] /home/user/vnav_ws/src/tesse-ros-bridge/ROS/launch/tesse_quadrotor_bridge.launch http://localhost:11311 101x26 |

* [tesse/tesse_ros_bridge/sim_ip: 127.0.0.1

* [tesse/tesse_ros_bridge/step_port: 9005

* [tesse/tesse_ros_bridge/teleop: False

* [tesse/tesse_ros_bridge/udp_port: 9004

* [tesse/tesse_ros_bridge/use_broadcast: True

* [tesse/tesse_ros_bridge/use_gt_frames: True

* [tesse/tesse_ros_bridge/world_frame_1id: world
* [Juse_sim_time: True

NODES

/tesse/

quadrotor_control_interface (tesse_ros_bridge/quadrotor_control_interface.py)
tesse_ros_bridge (tesse_ros_bridge/tesse_ros_node.py)

auto-starting new master
process[master]: started with pid [13961]
ROS_MASTER_URI=http://localhost:11311

setting /run_id to c2e14a66-fc7b-11ea-8c23-f82819ae6299
process[rosout-1]: started with pid [13972]

started core service [/rosout]

process[tesse/tesse_ros_bridge-2]: started with pid [13979]
process[tesse/quadrotor_control_1interface-3]: started with pid [13980]
('TESSE_ROS_NODE: Spawning initial objects',)

é'TESSE_ROS_NODE: Initialization complete.',)

TN ATy A NS A KA G LA (e o e S L Lo L S JAELae] FF user@user-Predator-G3-571: ~/vnav_ws/src/lab4/dependencies 4!

* [rosdistro: melodic
* [rosversion: 1.14.6
started roslaunch server http://user-Predator-G3- * [traj_vertices_publisher/simulator_data_direct
571:38189/ ory: /home/user/vnav20...
NODES
==== /
traj_vertices_publisher (planner_pkg/traj_ver
@PARAMETERS tices_publisher)
* Jrosdistro: melodic
* [rosversion: 1.14.6 ROS_MASTER_URI=http://localhost:11311
NODES process[traj_vertices_publisher-1]: started with
/ pid [12239]
controller_node (controller_pkg/controller_no |[ INFO] [1600741849.535323950]: Simulator data di
de) rectory loaded at:/home/user/vnav2020/vnav-2020-1
trajectory_generation_node (trajectory_genera [ab4/vnav-2020-lab4_Data
=S tion/trajectory_generation_node) [ INFO] [1600741849.539122834]: Finished loading
trajectory csv: 12
ROS_MASTER_URI=http://localhost:11311 AC[traj_vertices_publisher-1] killing on exit
ACshutting down processing monitor...
process[trajectory_generation_node-1]: started wi |... shutting down processing monitor complete
th pid [14172] done
process[controller_node-2]: started with pid [141 |~C
74] user@user-Predator-G3-571:~/vnav_ws/src/lab4/depe
ndencies$

Requires:
- state of the drone (localization) - obstacles (mapping
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Today

* [mage Formation

e Pinhole Camera Model

Chapter 3

Image Formation



Image Formation

- How to capture a 3D scene
on a 2D image?

image
plane

- Camera obscura
(Latin: “dark room”):

- optical device that projects
3D scene to a surface

* box with a hole on one side

« kKnown for several centuries:

Mo Ti, Chinese
philosopher
(5th Century B.C.)

* Leonardo da Vinci vV I e,
(1 452-151 9) - Frisius (1544)




Geometry: Pinhole Camera Model

* How to compute the 2D projection
(pixel) of a given 3D point?

Focal length f |
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Figure 11.1: Pinhole Model.

f = focal length
¢ = center of the camera
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Let’'s do

some math




Digital Photography

image
plane

2D array of
“light sensors”

e CCD (charge-coupled
device, 1960)

e CMOS (complementary
metal-oxide
semiconductor, 1963)

.-~ virtual

image

7y
Y/
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Appearance: Light and Colors

Perceived

appearance is the - - - -
R result of (i) geometry, |
(@=08=0) (i) ilumination, (iii)

material properties
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Perspective Projection

e what is lost?
e depth?

image
plane

1

/ pinhole - virtual

image

f = focal length
c = center of the camera




mes Room

Actual location of A

Apparent
plane of A —»-

Location of B

Apparent
location of A

=
Position of peephole

Ames, 1946



Perspective Projection

 what is lost”
depth?
length”?

P ————

Perpendicular?

. ) © source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/

&0l Parallel lines which intersect ... Slide adapted from

LGS o S

Frank Dellaert



Perspective Projection

e what is preserved?
e straight lines remain Straight/

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/fag-fair-use/

Slide adapted from Frank Dellaert



The final Touch: Adding a Lens

e Pinhole model is based on the geometry of the camera obscura
* |n practice: add a lens in front of the aperture to capture more light
¢ Pinhole model holds, but distortion may appear due lens impertections

No Distortion Barrel Distortion Pincushion Distortion

e distortion can be described mathematically using distortion parameters
e can be estimated during calibration and compensated for (undistortion)



